Review of " Tropospheric mixing and parametrization of unresolved convection as implemented into the Chemical Lagrangian Model of the Stratosphere (CLaMS)" by Paul Konopka et al.
General comments:
The goal to improve the tropospheric tracer transport has been reached with the extended CLaMS transport scheme using a heuristic approach for a better representation of tropospheric mixing and unresolved convection. This result is, as outlined above, very valuable and implicates a high potential for future application of the CLaMS transport scheme. However, to my point of view there are some things missing or at least should be better explained or motivated.
1.) Mass conservation in CLaMS
For this topic, the focus is on the new parameterisation of unresolved convection, because the new tropospheric mixing scheme does not change the redistribution of mass compared to the actual reference version of CLaMS. Although, it is relevant to understand what the adaptive regridding is doing in terms of mass conservation. In this context, I highly appreciate the comments by Ingo Wohltmann and the conclusion by the authors to his comments: "We conclude that we certainly have to improve the explanation of our procedure in the revised version of our paper." My suggestion would be to use the mass flux residuum of ERA-Interim as shown in Fig.1 in the answer to Ingo Wohltmann's comments motivating their heuristic approach (in section 1 or 2). Additionally, it would be very interesting to see also, how the mass flux residuum looks for the CLaMS reference simulations with standard adaptive regridding and for the control simulations with additional convective uplift (in section 4). The latter should show that the deficit in the range of 700 to 200 hPa has been reduced significantly.
2.) Validation of UTLS transport in CLaMS with in-situ CO2 observations (CONTRAIL) CO2 and especially the propagation of its seasonal cycle from the PBL into the UTLS is highly useful for model transport validation. Here, the authors use as benchmarks the in-situ CO2 measurements by CONTRAIL aboard of passenger aircraft and the assimilated CO2 data set provided by CarbonTracker. The latter is mainly constraint by surface measurements (see Table  1 in https://www.esrl.noaa.gov/gmd/ccgg/carbontracker/). Therefore, the CONTRAIL data are the reference for CO2 in the UTLS and the CarbonTracker data are the reference for the PBL.
My criticism is the way the CONTRAIL data are used for the evaluation in section 4.3. The CONTRAIL CO2 measurements are zonally and monthly averaged between 2005 and 2008 and interpolated at a latitude-altitude grid with 10° by 1 km resolution and extending between 20°S to 60°N and 5.5 to 12.5 km. In the extratropics, this approach is highly problematic, because the mean (or the interpolated) CO2 mixing ratios in the grid boxes will be strongly affected by (the irregular and sparse) sampling, especially above 7-8 km, because the individual probed air mass could be tropospheric or stratospheric. This matters for the months when cross-tropopause gradients are large, i.e. February to May in the NH. Also, the seasonal cycle of CO2 is quite different below and above the extratropical tropopause. My suggestion is to filter out the stratospheric CONTRAIL CO2 data to avoid this issue. This would not weaken the evaluation, because the CO2 seasonal cycle in the free and upper troposphere is the relevant diagnostic for the introduced new tropospheric transport scheme in CLaMS. Also the representation of the CO2 seasonal cycle in the tropical, subtropical (shown exemplarily) and extratropical free and upper troposphere should be discussed in a bit more detail. It is a known issue that modelled tracer transport from the PBL into the extratropical UT is often too weak, especially during summer.
Specific comments:
p.2, l.30: I think you mean here "…above the level of 300 hPa…" and not "…about 300 hPa…" p.7, l.23-26: How the free parameter Nc, the critical limit for static stability, below which enhanced tropospheric mixing is triggered in the new parameterisation, is estimated? Which Nc value has been used for the CLaMS control simulations? How sensitive are the results to the choice of Nc? p.8, l.1-2: I understand, that it is technically easier and better comparable to the previous CLaMS version, if the step of the additional tropospheric mixing is executed after the adaptive regridding, but does this also makes sense from a physical point of view? Would the result be different with the inverse transport operator: First step: mixing due to vertical instability and second step: mixing due to strong horizontal wind shear (deformation)? (2009) is not really a good citation for stratospheric CO2 and methane oxidation. The chemistry of methane in the middle atmosphere was to my knowledge first considered by Bates and Nicolet (1950) . Early measurements of stratospheric CO2 and CH4 profiles date back to the 1960s and 70s, e.g. by Ehhalt. Bates, R. D., and M. Nicolet (1950) 
